An unusual thiol-driven fumarate reductase in Methanobacterium with the production of the heterodisulfide of coenzyme M and N-(7-mercaptoheptanoyl)threonine-O3-phosphate.
An unusual fumarate reductase was purified from cell extracts of Methanobacterium thermoautotrophicum and partially characterized. Two coenzymes previously isolated from cell extracts, 2-mercaptoethane-sulfonic acid (HS-CoM) and N-(7-mercaptoheptanoyl)threonine-O3-phosphate (HS-HTP), were established as direct electron donors for fumarate reductase. By measuring the consumption of free thiol, we determined that fumarate reductase catalyzed the oxidation of HS-CoM and HS-HTP; by the direct measurement of succinate and the heterodisulfide of HS-CoM and HS-HTP (CoM-S-S-HTP), we established that these compounds were products of the fumarate reductase reaction. A number of thiol-containing compounds did not function as substrates for fumarate reductase, but this enzyme had high specific activity when HS-CoM and HS-HTP were used as electron donors. HS-CoM and HS-HTP were quantitatively oxidized by the fumarate reductase reaction, and results indicated that this reaction was irreversible. Additionally, by measuring formylmethanofuran, we demonstrated that the addition of fumarate to cell extracts activated CO2 fixation for the formation of formylmethanofuran. Results indicated that this activation resulted from the production of CoM-S-S-HTP (a compound known to be involved in the activation of formylmethanofuran synthesis) by the fumarate reductase reaction.